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SUMMARY  PAGE 


PROBLEM 

To  determine  which  of  several  visual  stimuli  yields  the  greatest 
interhemispheric  asymmetry  in  the  visual  evoked  potential.  Responses  to 
these  stimuli  will  be  used  as  possible  measures  of  performance  capability 
in  sonar  operators . 

FINDINGS 


Four  of  the  five  stimuli  used  yielded  approximately  equal  inter¬ 
hemispheric  asymmetries  at  both  the  occipital  and  parietal  locations . 
Subjects  were  generally  consistent  in  the  direction  of  asymmetry  and 
showed  greater  amplitude  in  the  right  side  of  the  brain. 

APPLICATION 

These  results  will  be  used  in  a  future  test  of  the  relationship 
of  the  direction  and  magnitude  of  interhemispheric  asymmetry  to  measures 
of  performance  in  sonar  operators. 


ADMINISTRATIVE  INFORMATION 

This  investigation  was  conducted  as  part  of  Naval  Medical  Research 
and  Development  Command  Research  Work  Unit  MR041. 01. 03-0155  -  "Prediction 
of  the  performance  of  submarine  watch  standers  by  various  indices  of 
cortical  functioning."  It  was  submitted  for  review  on  30  May  1980,  approved 
for  publication  on  12  Jun  1980  and  designated  as  NSMRL  Report  No.  934. 
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INTRODUCTION 


The  current  views  of  the  specialized  functioning  of  the  two  sides 
of  the  brain  have  been  developed  using  many  experimental  techniques. 
Behavioral  tasks  have  included  dichotic  listening  (Kimura,  1961,  1967) , 
reaction  time,  and  other  tachistoscopic  tests  (Springer,  1977) .  Electro- 
physiological  measures  have  also  been  widely  used,  with  both  the  electro¬ 
encephalogram  and  evoked  potential  being  extensively  employed  in  human 
studies  (Begleiter,  1979;  Callaway,  1975)  .  Using  both  the  behavioral  and 
electrophysio logical  techniques  investigators  have  looked  not  only  at  the 
general  functioning  of  the  brain  but  have  extended  these  studies  to  include 
the  functioning  of  specialized  areas  of  the  brain  and  the  differences 
between  the  two  sides  of  the  brain  (Marsh,  1978) . 

Results  of  these  studies  have  suggested  that  in  neurologically 
intact  right-handed  males  the  left  hemisphere  is  primarily  for  language 
processing  and  the  right  hemisphere  is  primarily  responsible  for  visuo- 
spatial  processing. 

A  further  suggestion  in  many  of  these  studies  is  that  the  degree 
of  hemispheric  differentiation  may  be  related  to  performance.  It  is  this 
latter  topic  that  is  of  particular  interest  to  the  Navy,  since  an  objective 
predictor  of  performance  capability  would  be  extremely  useful. 

In  an  attempt  to  better  define  the  nature  of  these  differences 
and  their  relation  to  performance,  a  number  of  recent  studies  have 
concentrated  on  the  evoked  potential  as  a  means  to  investigate  laterali¬ 
zation  of  brain  function.  Measures  of  evoked  potential  variability, 
amplitude ,  and  latency  have  all  been  utilized . 

in  adults,  high  evoke d-potential  variability  has  been  found  to  be 
a  characteristic  of  schizophrenics  (Callaway,  Jones  and  Layne,  1965)  and 
of  patients  with  Korsakoff's  syndrome  (Malerstein  and  Callaway,  1969) . 

In  the  schizophrenics,  the  high  variability  is  related  to  poor  and  variable 
perceptual  performance  (Inderbitzen,  Buchsbaum  and  Silverman,  1970) .  In 
normal  adults  increased  variability  is  negatively  correlated  with  verbal 
I.Q.  and  is  further  sensitive  to  task  uncertainty  and  interstimulus 
intervals . 

In  normal  subjects  the  amplitude  of  the  evoked  potential  is  greater 
when  recorded  over  the  right  hemisphere  than  over  the  left.  This  is  true 
for  flashes  of  light  (Lewis  and  Rimland,  1980)  and  for  letter  and  visuo- 
spatial  stimuli  (Rugg  and  Beaumont,  1979) .  Evoked  potential  amplitude  has 
also  been  studied  as  a  function  of  reading  ability,  general  intelligence, 
and  performance . 
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In  the  studies  with  readers  the  results  suggest  that  the  amplitude 
of  the  evoked  potential  in  the  left  parietal  area  of  the  brain  is  smaller 
in  disabled  readers  than  in  normal  readers  (Conners,  1970;  Preston,  Guthrie 
and  Childs,  1974;  Sobotka  and  May,  1977) .  Lewis,  Rimland  and  Callaway 
(1976)  found  that  EP  amplitude  correlated  with  successful  completion  of 
a  remedial  reading  program. 

Another  amplitude  study  has  shown  EP  amplitude  asymmetries  between 
the  two  sides  of  the  brain  to  be  greater  in  bright  children  than  in  dull 
children  (Rhodes,  Dustman,  and  Beck,  1969) .  This  same  study  reported  that 
right  hemisphere  amplitude  was  greater  than  left  hemisphere  amplitude  in 
the  normal  and  high  performance  subject.  Richlin,  Weisinger,  Weinstein, 
Giannini  and  Morgens tern  (1971)  found  the  reverse  asymmetry  in  retarded 
persons . 


Lewis,  Rimland  and  Callaway  (1979)  studied  various  measures  of 
the  evoked  potential  and  found  amplitude  asymmetry  values  to  be  of  use 
in  predicting  successful  "on  job"  performance  in  Navy  recruits.  Lewis 
and  Rimland  (1980)  also  studied  evoked  potential  measures  and  their 
relation  to  the  performance  of  Navy  sonar  trainees  on  a  sonar  simulator. 
They  found  a  large  asymmetry  at  the  occipital  areas  which  favored  the 
right  hemisphere  in  the  good  performers  and  the  left  in  the  poorer 
performers.  The  study  used  a  flashed  white  light  as  the  VEP  stimulus. 

These  evoked  potential  studies  suggest  that  the  amplitude  of  the 
evoked  response  may  prove  to  be  a  useful  tool  in  investigating  differences 
in  brain  function  and  its  relation  to  performance. 

This  study  was,  therefore,  designed  to  determine  whether  VEP 
asymmetries  could  be  produced  using  several  different  patterned  visual 
stimuli  and  whether  the  degree  of  asymmetry  varied  with  the  stimulus  used. 
If  these  asymmetries  can  be  replicated,  then  future  studies  will  be 
designed  to  investigate  the  relationship  of  these  asymmetries  to 
performance . 

METHOD 


Subjects 


The  subjects  were  four  civilian  employees  of  the  Naval  Submarine 
Medical  Research  Laboratory  and  one  enlisted  corpsman  stationed  at  the 
same  laboratory.  All  were  neurologic ally  intact  right-handed  males  with 
no  known  left-handed  relatives.  They  ranged  in  age  from  21  to  50  years. 

The  Stimuli 


Each  stimulus  target  was  photographically  reproduced  and  subtended 
5°  horizontally  and  3.6°  vertically  when  placed  35.7  inches  from  the  sub¬ 
ject's  eyes.  They  were  illuminated  by  a  Grass  PS-2  photostimulator  set 
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at  an  intensity  of  4;  this  produced  an  overall  luminance  of  the  targets 
during  the  stimulation  between  5  and  6  cd/m2 .  Each  target  was  illuminated 
for  ten  microseconds.  The  interstimulus  interval  was  randomly  varied  with 
a  mean  of  3  seconds . 

The  stimuli  consisted  of  five  different  targets ; 

1.  A  50%  contrast  neutral  gray 

2.  Texture  I,  a  texture  pattern  divided  into  four  quadrants 
(Santoro  and  Fender,  1976)  with  a  visually  different  texture  in  one  of 
the  quadrants. 


3.  Texture  II,  a  pattern  with  no  visibly  different  quadrant 

4.  A  vertically  striped  pattern  in  which  each  stripe  subtended 
1  degree  (.5  cpd)  at  the  viewing  distance 

5.  A  vertically  striped  pattern  in  which  each  stripe  subtended 
.1  degree  (5  cpd)  at  the  viewing  distance. 

EEG  Recording 

Grass  gold  electrodes  were  placed  on  scalp  sites  Oi,  02,  P3  and  P4 
and  referred  to  Cz.  Electrode  impedance  was  maintained  at  a  level  below 
5  K.  The  EEG  was  amplified  by  Grass  P511  preamplifiers.  The  gain  in  each 
channel  was  50,000.  Filter  settings  were  .1  cps  for  the  low  frequency  and 
.1  KC  for  the  high  frequency.. 

EEG  Analysis 

The  EEG  was  analyzed  with  a  PDP  1140  computer  using  a  software 
averaging  program  developed  locally.  The  EEG  on  each  channel  was  digitized 
by  the  ARll  A-D  converter.  Fifty  epochs  of  512  msec  were  averaged  for 
each  brain  site  in  each  brain  hemisphere  for  each  stimulus.  For  each  of 
these  combinations  the  microvolts  root  mean  square  (yVRMS)  power  was 
calculated.  The  yVRMS  power  is  obtained  by  determining  the  mean  voltage 
for  the  averaged  evoked  potential.  The  deviations  from  the  mean  for  each 
point  are  then  taken  and  squared.  Finally,  an  average  of  these  squared 
deviations  is  obtained.  The  square  root  of  this  value  is  the  yVRMS  and 
represents  the  standard  deviation  of  the  waveform. 

Procedure 


Each  subject  participated  in  three  experimental  sessions.  Order 
of  presentation  of  the  stimuli  was  large  stripe,  small  stripe,  gray  blank. 
Texture  II  and  Texture  I  for  the  first  and  last  session.  The  order  of 
presentation  was  reversed  for  the  second  session,  and  the  preamplifiers 
used  for  the  brain  sides  were  reversed  for  the  third  session. 
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RESULTS 


Figure  1  shows  the  results  of  the  yVRMS  power  analysis.  It  can 
be  seen  from  this  figure  that  for  the  gray,  the  small  stripe,  the  large 
stripe ,  and  Texture  II  there  was  more  power  in  the  right  hemisphere  than 
in  the  left.  Across  all  five  stimuli  the  mean  yVRMS  for  the  right  hemi- 
sphere  was  2.83  while  the  mean  yVRMS  for  the  left  hemisphere  was  2.65. 

This  effect  was  small,  however,  and  showed  a  probability  equal  to  .29  on 
a  five-way  ANOVA  (F (1,4) =1.48) .  Variables  in  the  ANOVA  were  stimulus  type, 
relication,  brain  site,  and  brain  side. 

Individual  subjects  were  generally  consistent  in  the  direction  of 
asymmetry;  less  than  1/6  of  the  total  possible  comparisons  were  reversals. 
One  of  the  five  subjects  consistently  showed  more  power  in  the  left  hemi¬ 
sphere  for  all  of  the  stimuli .  When  this  subject  was  removed  from  the 
analysis  the  mean  nVRMS  for  the  right  hemisphere  was  2.90  and  for  the  left 
hemisphere  was  2.63.  When  this  subject  was  deleted  from  the  ANOVA,  the 
probability  of  the  right  hemisphere  effect  improved  to  =.13  (F (1,3)  =4.17)  . 

Figure  1  also  shows  that  the  parietal  area  had  consistently  less 
power  than  the  occipital  area.  Across  all  conditions  the  mean  yVRMS  for 
the  parietal  area  was  2.34  while  the  mean  power  for  the  occipital  area 
was  3.14.  This  effect  showed  a  probability  equal  to  .01  in  the  overall 
ANOVA  (F,l,4)=17.79) . 

There  was  no  significant  difference  among  the  five  stimuli  or 
among  the  three  replications.  Additionally,  none  of  the  interactions 
among  the  factors  reached  statistical  significance  at  the  p=.05  level. 

As  might  be  expected,  over  one  half  the  variability  in  the  data  was 
contributed  by  the  subject  factor. 

DISCUSSION 

In  summary,  there  appear  to  be  replicable  interhemispheric 
asymmetries  with  greater  power  in  the  right  hemisphere  in  both  the 
occipital  and  parietal  recordings .  The  degree  of  asymmetry  or  the  overall 
amplitude  does  not  seem  to  vary  as  a  function  of  the  stimulus  for  the 
stimuli  used  in  this  experiment. 

The  consistency  of  hemisphere  asymmetries  in  amplitude  found  in 
this  study  supports  previous  research  suggesting  that  one  side  of  the 
brain  is  preferentially  engaged  in  the  early  processing  of  visual  stimuli 
(Rugg  and  Beaumont,  1979;  Lewis  and  Rimland ,  1980) .  In  most  subjects  this 
is  the  right  side  of  the  brain.  Furthermore,  there  seems  to  be  little 
difference  in  the  degree  of  asymmetry  across  four  of  the  five  stimulus  types 
employed  in  this  study.  Only  the  Texture  I  pattern  seemed  to  yield  equal 
amplitude  responses  from  the  two  sides  of  the  brain. 
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There  is  no  obvious  reason  why  this  texture  pattern  would  yield 
a  symmetrical  response.  The  difference  may  be  related  to  the  nature  of 
the  visual  pattern,  but  the  other  similiar  texture  stimulus  showed  the 
typical  asymmetry,  an  alternative  explanation  is  based  on  the  fact  that 
all  subjects  employed  in  this  study  had  previous  experience  with  texture 
patterns  in  other  research  using  a  test  of  texture  perception.  In  this 
test  there  is  a  different  texture  in  one  quadrant  of  each  stimulus 
presented.  The  subject’s  task  is  to  determine  which  quadrant  is  different. 
It  may  be  that  the  subjects  were  attempting  to  determine  the  different 
quadrant  in  the  patterns  and  that  the  success  or  failure  of  this  processing 
somehow  influenced  the  amplitude  asymmetry.  This  hypothesis  is  currently 
being  tested  in  naive  subjects . 

Although  the  overall  power  of  the  evoked  responses  recorded  from 
the  parietal  area  were  smaller  than  that  from  the  occipital  area,  the 
amount  of  asymmetry  between  sides  at  the  two  brain  sites  was  not  different. 
This  suggests  that  either  there  are  no  differences  between  the  two  sites 
in  the  asymmetrical  processing  of  visual  patterns  or  that  the  pRMS  measure 
is  not  sensitive  enough  to  find  them. 
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